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INTRODUCTION
The continuing, disintegration of the coastal marshes of Louisiana is
one of the major environmental problems of the nation. The average rate
of loss for the last 20 yrs has been approximately 104 sa km/yr (Gagliano
et al ]981). At this rate, iouisiana's coastal marshes will all be qone in
145 yrs. Prevailing evidence suggests that the marsh disintegration
results from local imbalances between building processes, such as sedimen-
tation and the growth and accumulation of dead _getative matter, and
destructive processes, such as sea-level rise, crustal subsidence, erosion,
and compaction (Gosselink 1984 ). Local elevation gradients within the
marsh are so low that small changes in water level or land elevation can
cause large changes in land and water area (Sasser 1977, Baumann 1980).
Water management structures, navigation cuts and channels, and other
alterations by man appear to accelerate the disintegration rate (Johnson
and Gosselink 1982, Turner et a/. 1982, Dozier 1983, Gosselink 1984).
The problem of marsh loss in Lousiana is relevant to fishery manage-
ment because Louisiana leads the nation in landings of fishery products,
and most of the landed species are dependent upon estuaries and their asso-
ciated tidal marshes. Coastal marshes contribute to estuarine food chains
through the export of organic detritus; and the shallow, protected waters
of marshes serve as fish and shellfish nursery grounds, promoting survival
and growth of the young.
Remote sensing studies bv Faller (1979), Dow (1982), and Gosselink
(1984) suggest that the abundance of fishery species is more strongly
correlated with the length of the interface between land and water in the
marsh (shoreline) than with actual area of marshland. Observations from a
field study by Zimmerman et al (1984) support this conclusion. Simulations
from a theoretical comDuter model by Browder et al (1984) suqgested that
land-water interface initially increases with marsh disintegration but
reaches a maxin_/m when the marsh is 50% water and decreases thereafter.
The degree of d_ange in interface with each incremental loss of marsh land
and the maximum length of interface attained are a function of the order in
which segments of land are converted to water and the resultant pattern of
distribution of land and water. The more clustered the segments of land
converted to water, the lower the rate of change and less the maximum
interface.
In evaluating the potential effect of marshland loss on fisheries,
the first two critical factors to consider are: (1) whether land-water
interface in actual disintegrating marshes is currently increasing or
decreasing, and (2) the magnitude of the change.
In the present study, Landsat Thematic Mapper (TM) data covering
specific s_le marshes in coastal Louisiana were used to (a) test conclu-
sions from the Browder et al (1984) model with regard to the stage in
disintegration at which maximum interface occurs; (b) to further explore
the relationship between maximum interface and the pattern of distribution
of land and water suggested by the model; and (c) to determine the direc-
tion and degree of Qhange in land-water interface in relation to land loss
in actual marshes.
There are several reasons why Louisiana's eoastal marshes were ideally
suited for examination from this viewpoint. First, large aontiguous expan-
ses of marsh are present, enabling us to obtain large sample areas con-
taining only wetland. Second, many scientific investigations concerning
ecological principles, geologic processes, and experimental use of remote
sensing techniques have been made in this region. Third, _ologic changes
are occurring wry rapidly here, and fourth, Louisiana's coastal marshes
are the most extensive in the United States and support a high proportion
of total U. S. production of estuarine_ependent fish and shellfish.
The ooastal wetlands of Louisiana were formed as deltas of the
Mississippi River and its tributaries. The large, heterogeneous expanse of
deltaic wetlands along the Louisiana coast is extremely young geologically.
It was formed within the past 3,000-5,000 yrs B.P. via a series of
overlapping deltaic lobes of differing ages (Fig. I). Instability is a
characteristic of youthful aeologic environments. Subsidence, a complex
set of processes, has pronounced effects on near sea-level wetlands.
Isostatic adjustments in the form of crustal downwarping from sedimentary
loading, tectonic processes that occur conter_x_raneously such as folding,
fracturing, flowing, and Growth faulting, oonsolidation of under]yin(] sedi-
ments due to the weight of natural features (e. g., natural levees), and
differential compaction related to textural variability are among those
natural processes involved in submerging this coastline. Human activities
in the form of fluid withdrawals (hydrocarbons and water), marsh dewa-
tering through reclamation processes, and sediment consolidation resultina
from building structures in wetlands, all exacerbate ooastal submergence.
The above subsidence factors, combined with eustatic sea level rise, have
given coastal Louisiana the fastest submerging ooastline in the United
States (Hicks 1981).
Submergence results in the "drowning" of marshes and their conversion
to bey and lake environments. Combating the effects of submergence is
sedimentation via the Mississippi River and its tributaries, which is
responsible for Mississippi delta lobe development. The geologic record
indicates that, on the average, a major delta lobe complex will develop and
enlarge over a period ca. ],000 yrs. This is followed by an abandonment
period characterized by wetland loss, also of ca. 1,000 yrs. During this
abandonment period, however, another delta lobe corD lex is simultaneously
developing. Throughout at least the Holocene, the Mississippi Deltaic
Plain has always concurrently exhibited areas of develoDment and abandon-
ment. Presently, however, the leveeing of the Mississippi R/vet and main-
tenance of its present course, (x)mbined with reductions in sediment loads
(Tuttle and Combe 1981) and debouchment of sediment at the edge of the con-
tinental shelf, have resulted in widespread wetland loss. The construction
of ship channels, pipeline canals, and access canals for hydrocarbon
exploration and production has both contributed to and accelerated these
losses. Acceleration occurs through the effect of these structures on
salinity distributions and sediment deposition. For instance, canals pro-
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mote salt water intrusion, which results in the death of brackish-water
marsh vegetation, retarding the accumulation of organic soils. Spoil hanks
associated with canals prevent sediment from being deposited on the marsh
surface add reduce exchanges of water and materials between the marsh and
open water. The natural geologic process of wetland deterioration, which
would otherwise take place over several centuries, appears to now have been
compressed into several decades.
Four major types of Louisiana (x)astal marshes have been distinguished
by Chabreck (1972) on the basis of _getation: fresh, intermediate,
brackish, and saline. Several investigators have found sianificant dif-
ferences among these marsh types in various soil, water quality, and other
parameters, thereby supporting Chabreck's separation. Gosselink et al.
(1979) found considerable differences in the length of land-water interface
per-unit-area among the four marsh types in the neighboring Chenier Plain
(Marginal Mississippi Deltaic Plain) of southeast Texas and southwest
Lou isiana.
Sasser et al (1986) used photointerpretation of aerial photogranhs, in
combination with a computer-based geographic information system (GIS), to
detect change in the percent water within wetlands on the Late Lafourche
delta lobe. They found a pattern of general degradation in wetland area:
marshes were degrading into various densities of shallow water bodies. In
1945, 91% of the marsh and natural levee area was solid or less than 10%
water. By 1956, only 77% of the marsh was less than ]0% water, bv 1969
only 46%, and by 1980 only 28%. They noted two patterns of disintegration:
(1) small, randomly-spaced water bodies developing within solid marshes and
gradually growing into larger water bodies and (2) loss of land along the
margins of major water masses, as if by mechanical wave attack, or erosion.
The first effect seemed to be the more important.
A study in Chesapeake Bay by Rosen (1977) indicated that shorelines
with low tidal ranges have higher rates of erosion than areas with higher
tidal ranges, possibly because higher tidal ranges form higher elevation
beaches; storm sturges are less likely to reach the elevation of fastland
(bluff of dune) material to auaument erosion, and wave energy is distri-
buted over a greater distance in the course of a tidal cycle. The tidal
range in Chesapeake Bay varies from 0.36 m to ] m over a distance of 120
km. Toe tidal range in the north-central Gulf of Mexico is aDproximately
0.6m.
Liebowitz and Hill (in press) used digital habitat maps for 1956 and
1978 from the U.S. Fish and Wildlife Service (Wicker 1980) to quantify
change in ooastal marshes during the 22-yr period and to evaluate various
possible causes of the change. Their study aovered the two areas covered
by the present study- the late Lafourche lobe and the early Lafourche lobe
(referred to as Terrebonne in their study). Water, wetland, and upland
could be distinguished in the data, which had been classified according to
the Cowardin et al (1979) system. Boundaries between saline and freshwater
zones were also defined, based on vegetation. Liebowitz and Hill (in
press) classi?ied each map cell on the basis of a comparison of 1956 and
1978 habitat maps, as follows: areas that were fresh in 1956 and fresh in
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1978; areas that were fresh in 1956, but saline in 1978; areas that changed
from saline to fresh between 1956 and ]978; and areas that remained saline
during the 22-yr period. They also identified the cells in each habitat
category that changed from land to water during the 22-yr period. Their
results indicated a 37% net area change from salt to fresh on the late
Lafourche lobe and a 16% net area change from fresh to salt on the early
Lafourche lobe. The highest rate of land loss on the late Lafourche lobe
was 27% and occurred in the fresh-to-salt area. The highest rate of land
loss on the early Lafourche lobe was ]6% and occurred in the fresh-to-fresh
area. By statistical comparisons, they ruled out salt-water intrusion as a
reason for land loss on the early Lafourche lobe but ooncluded that it
could be a cause of land loss on the late Lafourche lobe. The highest loss
rates - 47 to 55% -occurred in the mudflat and beach dune reef habitats.
Loss rates in fresh and saline marsh averaged approximately 18%. Loss from
shoreline erosion accounted for only 2.1% (early Lafourche) add 3.2% (late
Lafourche) of all land loss. Thus, the major form of land loss for all
three regions was the oonversion of land to inland open water (lakes,
ponds, or bays).
Several studies have utilized simulated thematic mapper (TMS) and
Landsat MSS imagery with collateral data, such as fish abundance and
vegetative biomass, to examine the role of coastal wetlands in estuar_ne
food chains and the production of estuarine-dependent fish and shellfish.
These studies were supported by the development of software routines used
to determine shoreline density (Faller 1977) and shoreline length (Failer
1977, now and Pearson 1982), to identify water bodies (Butera 1982a), and
to measure the distance between land-cover classes (Butera 1982b). Faller
(1979) found a good correlation between shrimp yields and shoreline density
in subareas of the Louisiana coastal zone. Dow (1982) expanded Failer's
(]979) approach and developed predictive equations that related the abun-
dances of selected species of fish and shellfish to shoreline-length esti-
mates for subareas of Apalachico]a Bay, Florida. The findings of both
authors suc_est that abundances of some fish and shellfish could be
influenced by the density and length of the marshland-water interface.
Butera and Seyfarth (1981) and Butera et al. (1984) used water-body identi-
fication, distance measures, shoreline density, and vegetative biomass
estimates to quantify organic carbon export into nearby water bodies.
The model used in this study is the second qeneratJon of a stochastic
spatial computer model introduced by Browder et al (1984). In the ini-
tialization of the model, marsh dimensions are defined in ter_s of the num-
bers of rows and columns of pixels. Each pixel can exist in one of two
states, land (emergent veqetation) or water. Initially, all the Dixels are
land and the marsh is solid. One land pixel is converted to water at each
iteration. The actual pixel converted is determined by a random number
generator linked to a probability function that incorporates two weighting
factors. The weightinQ factor values assigned to each Dixel determine its
relative probability of disintegrating at each iteration. The first, W,
determines disintegration probability on the basis of the number of sides
that the pixel is bordered by water. The second, G, governs the probabi-
lity that the pixel will disint_rate if it borders the main water body.
The probability weight of each pixel is calculated by the equation:
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Fi,j, k = 1 + W Si,j, k + Gl Bli,j + G2 Bl2i,j + G3 B3i,j + G4 B4i,j (l)
where W = weight coefficient for each side adjacent to water, S = number of
sides adjacent to water, G = weight coefficient for pixels adjacent to a
major outside water body, and B = a Boolean value (I or 0) indicating
whether the pixel is adjacent to a major outside water body. The probabi-
lity weight of a given pixel changes throughout the simulation, dependino
on what happens to other pixels, particularly those adjacent to it.
The weighted probability function approximates the natural processes
of eating away from the oenter (the W factor) and erosion due to tidal
action or wind/induced turbulence along the edge of major water bodies. In
taking this approach, we did not assume that marsh loss is a random process
but merely that the process ooud be simulated by a weighted randomly-driven
function.
The model simulates the entire process of disintegration, starting
with .solid land and ending with solid water. Each iteration represents the
passage of time, although the units of time are not specified.
At each iteration of the simulation, a counter keeps track of the per-
cent area as water, referred to throughout this discussion as the "level of
disintegration", and the length of the land-water interface. The latter
is expressed in terms of pixel-]engths, the length of one side of the
square pixel; therefore, measuring interface length consisted of oountino
the number of "joins" between land pixels and water pixels. Thus, inter-
face, as we measured it, is exactly homologous to the "black-white join"
(J), the sDatial autocorrelation parameter introduced by Moran (1948) into
the literature of quantitative geography. Upton and Fir_leton (]986)
described the _n relationship between the join statistic and other spa-
tial pattern paramaters such as that of Cliff and Ord (]973) and defined
the cross-product statistic, R, which is equal to 2 x J.
Upton and Fin_leton (1986) provide an intricate set of equations for
calculating R, the expected value of R [E(R)], and the variance of the
expected value. E(R) assumes a random distribution of black and white (or
land and water) cells. R departs from E(R) to the extent that like-cells
are clumped [R < E(R)] or uniformly distributed [R > E(R)]. They provide
simpler equations for calculating. J, E(J), and vat E(J) for cases in which
the area is regular-sided and sc[uare in configuration (their ecruations for
the R statistics are more general). In our simulations, we were able to
determine J simply by keeping a running total of the number of land-water
joins created at each conversion of a land pixel to a water pixel. A
method related to counting was used to determine the number of land-water
joins in land-water classified satellite imagery. Our observations suggest
that, for a square area with regular sides, E(J) is approximately
equal to one half the number of land-water joins of an area of the same
dimensions having a checkerboard pattern of distribution of land and water.
This can be calculated as follows:
E(J) = 2 N2 - 4 N (2)
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where N = the number of rows = the number of oolumns
The _eighting factors affect the order of disintegration of marsh land
pixels and the resultant distribution of land and water in the simulated
marsh. The higher the values of the weighting factors, the more clumr_d
the water pixels. By affecting the spatial distribution of water pixels,
the weighting factors determine interface length in simulated marshes.
Taking advantage of this relationship, the approach we took to simulating
the disintegration of actual marshes was to use spatial pattern, as
expressed by level of disintegration, interface length, and other spatial
pattern statistics of the actual marshes, oc_pared to those from simula-
ted marshes, to select W and G weighting factors for the model. The other
spatial pattern statistics that were used were: numbers of water pixels
with zero, one, two, three, and four sides adjacent to other water pixels
and numbers of water pixels on each of the marsh's four borders. The
distribution of water pixels by size of water clusters at the current (i.e.
December, 1984) level of disintegration was used to test the fit of the
simulated marsh to the actual marsh. Comparison of simulated marshes to
actual marshes in general suggests that the function will %Drk well for
simulating reticulated marshes such as those on the Gulf coast, a/though it
might not work well for marshes with a more dendritic pattern of land and
water, such as those found along the U.S. Atlantic coast.
_fHODS
k% expanded the model so that it could simulate marshes of substantial
size, used actual marshes to calibrate the weighting factors of the model,
and then used the model to si_late the disintegration over time of each
sample marsh. Model calibration was accomplished by quantifying the spa-
tJal pattern statistics of the sample marshes and matching them to the
spatial pattern statistics expected from simulated marshes, based on a
series of simulations in which W, G, and the number of water borders (BC)
were varied.
The study can be thought of as a process consisting of nine steps:
(1) expansion, refinement, and sensitivity testing of the mc_el; (2) selec-
tion of sample sites; (3) analysis of imagery; (4) measurement of spatial
pattern parameters; (5) development of a knowledge base and an expert
system; (6) calibration of the model to the sample marshes; (7) simulation
of the disintegration patterns of the sample marshes; (8) evaluation of
simulation results; and (9) interpretation.
Model Expansion, Refinement, and Sensitivity Testing
The first phase in the study was improving the model. Our improve-
ments were auided by a series of sensitivity tests: (]) tests of the effects
of the W and G weighting factors, varied separately, (2) tests of the
effect of marsh geometry (i.e. length, relative to width), and (3)
tests of the effect of marsh size, in terms of number of pixels.
In the original version of the model, only the pixels initially on the
major outside water body had the G weighting (B = 1). The G effect was
inconsequential in sensitivity tests with the original model, particularly
as the size of the marsh simulated was increased. Based on this obser-
vation, the model was revised so that any pixel, rt=gardless of original
location, could eventually be assigned B = i. The G factor in the Dresent
version of the model has a much greater effect than that in the earlier
version.
Other sensitivity tests indicated that the geometry of_ the marsh
(i.e., ratio of length to width, affected the trajectory of c_ange in
interface relative to W and G and greatly co,_licated the process of exa-
mining interface as a function of W and G and the .umber of water borders
to the marsh (i.e., simulation results differed depending upon whether a
water border was the long or the short border). We decided to work with
square marshes, both simulated and actual, in order to avoid this complica-
tion.
To e]iminate another oomplicating variable - scaling - we decided to
simulate marshes of the same size (same number of pixels) as our sample
sites. We determined that it would be practical to simulate marshes up to
192 x 192 pixels, although not with replication. A 192 x 192 pixel site
roughly covers 33.18 square kilometers and is approximately one quarter of
the area covered by a 7.5-minute U. S. Geological Survey topographic maD.
Increasing the size of the simulated marsh necessitated streamlining
the algorithm for weighting disintegration probability and converting land
pixels to water pixels. In the original algorithm, each pixel, identified
by its x,y coordinate was repeated on the list the same number of times as
its probability factor (F in equation I). Each item on the list had a uni-
que number, and the pixel selected was the one that corresponded to the
random number at that iteration, providing it had not already been con-
verted to water at a previous iteration. All occurrences of pixels that
had been newly converted to water were cleared from the list at periodic
intervals throughout the simulation. The process got slower and slower as
the need for purging the list _proached. This algorithm was too slow and
awkward to be scaled up in the same form. In our revision, each pixel
appears on the numbered list only once, but its probability factor is
listed with it. Two random numbers are associated with each selection.
The first random number makes a tentative selection and the second deter-
mines whether the pixel is eligible. Eligibility depends on whether the
pixel's probability factor is larger than the random number. The selection
process continues, with two new random numbers generated each time, until
the selection of an eligible pixel is made. Of course, the first random
number - the one that makes the tentative selection - is a uniform random
number from 0 to I that is multiDlied by the number of pixels on the list,
and the second random number is a uniform random number from zero to 1 that
is multiplied by the largest probability factor on the list. A pointer
system keeps track of the pixels on the list and eliminates from the list
the pixel that has been converted to water at each iteration. A flow
diagram of the newalgorithm is presented in Fiqure 2.
The model and all ancellary programs were written in C and were exe-
cuted on an AT&T PC-7300, a ]6-bit oo_puter that has a Unix-V operating
system.
Study Site Selection
The study sites are located in salt and brackish marsh areas on two
abandoned delta lobes of the Mississippi River, the early Lafourche and the
late Lafourche. The early Lafourche lobe was an actively prograding lobe
within the last ],800 years; the late Lafourche lobe was active as a main
distributary of the river within the last 600 years. On each lobe we
selected sites that corresponded to the boundaries of five contiguous U.S.
Geological Survey 7.5-min topographic maps (Fig 3). Areas defined by each
topographic map were divided into four contiguous quarters, each encom-
passing an area 192 elements wide and 192 scan lines long on the TM image.
The intersection of the four quarters was aligned to correspond to the
center point of each topographic map. Each area corresponding to a auarter
area of the ten topographic maps was a potential sample site. After
excluding sites with upland vt_getation and sites for which cloud-free TM
imagery was not available, we had 72 samples to use in the study: 40 salt-
marsh sites (20 on each lobe) and 32 brackish marsh sites (]9 on the early
Lafourche lobe and ]3 on the late Lafourche lobe). Salt and brackish
marshes were distinguished by means of the U.S. Fish and Wildlife Service
habitat maps (Cowardin et al 1979).
Because of _nall errors in TM imagery, pixels are neither exactly
square nor exactly the same size; therefore, it was necessary to eliminate
several pixels on the outer boundaries of imagery corresponding to each
topographic map in order to have a 192 x ]92 image; therefore, our sample
images do not provide oomplete coverage of the area - small strips at the
boundaries of the topographic maps are missing. Selecting sauare samples -
samples having the same number of rows and columns of pixels - greatly
simplified the analyses of this study in several ways. First, we had fewer
alternatives to consider in sensitivity analysis and constructing look up
tables. Secondly, we could use simpler and less time-consuming equations
for estimating spatial autocorrelation statistics. The quarter was the
largest square unit into which a topographic map could be evenly divided
that could be simulated with practicality in the same dimensions (192 x 192
pixels) by our computer model on available dedicated hardware.
Image Processing and Analysis
TM scenes were analyzed on the Fisheries Image Processing System
(FIPS) maintained by hlMFS in Slidell, Louisiana. FIPS uses a Sperry-
Univac V77/600 mini-computer, color image display device, and other
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hardware to process remotely sensed digital imagery. The software is a
modified version of the Earth l_esources Laboratory Applications Software
(ELAS) (Graham et al. 1984 ).
The TM image acquired for the project represented one of the few rela-
tively cloud-free images covering southern Louisiana (quads ] and 2 in
path 22 and row 40 of the World-Wide Reference System). The Landsat
overflight occurred on 2 December 1984 (Scene ID: 50276-]6022) and
covers most of the Mississippi deltaic plain.
TM images of the sites were georeferenced to fit a Universal
Transverse Mercator projection with a north-south orientation. The ELAS
modules PMGC and PMGE (Graham et al. ]984 ) were used to accumulate ground
control points, generate polynomial least-squares mapping equations, and
resample the image using the bilinear interpolation technique. The averaqe
registration accuracies ranoed from 22 to 56 m.
Land and water were distinguished in the TM images by first generating
a product image from bands 4 and 5 and then applying the global threshold-
ing technique developed by Pun (1981).
Measurement of Spatial Pattern Statistics
Seventy-two binary land-water images were generated from the product
images of the salt and brackish marsh sites. Sequential ELAS conm_nds set
up for batch processing were used to measure the following spatial pattern
parameters in each image: (I) total numbers of land and water pixels; (2)
total numbers of water pixels by scan line and by element column; (3) the
length of the land water interface, expressed as the total number of land-
water joins; (4) total number of water pixels with sides adjacent to zero,
one, two, three, and four other water pixels; and (5) water-body size fre-
guencies. In determining the total number of water pixels with sides
adjacent to other water pixels, the pixels at the boundary of the sample
were excluded to avoid biasing the distribution of pixels toward those
having less than four sides adjacent to water.
The total number of land-water joins in each image was tabulated using
a three-step process. First, an intermediate image was generated using the
ELAS shoreline-length (SLIN) module (Graham et al 1984). SLIN uses a 3 x 3
moving window technique to classify each land pixel adjacent to water into
one of 69 shoreline categories (Dow ]982; now and Pearson 1982). Second, a
look-up table (Appendix Table i) was used to convert the SLIN image into an
image file comprised of six classes: (I) land; (2) water; and (3) shore-
line pixels with one, two, three or four sides adjacent to water. Finally,
the total number of land-water joins in each sample site was determined by
enumerating the number of land pixel sides bordering water pixel sides.
The total number of water pixel sides adjacent to other water pixels
was tabulated using a modification of the technique used to count land-
water joins. Two changes in the processing sequence were required: (1)
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water pixels adjacent to land were defined as shoreline pixels during pro-
cessing with the SLIN module and (2) an additional processing step with a
new look-uD table was required to correctly classify water pixels with
zero, one, two, three, or four sides adjacent to other water pixels.
As Hutchinson (1957) originally pointed out and first Richardson
(196l) and then Mandelbrot (1967) elaborated upon, the length of an irregu-
lar shoreline is, to some extent, a function of measurement unit. Our
measurements of land-water joins and, possibly, the other spatial pattern
statistics, are valid only at the resolution of the I_4 imagery, the 30 x
30-m pixel. Future measurements cannot be oompared to ours unless the same
measurement unit is used.
Selecting Probability Factors
Marsh study sites were classified according to whether they had one,
two, three, or four water borders. Then a series of simulations run for
each border osmbination were used to build a knowledge b_se to indicate how
our spatial pattern statistics changed with variation in the two weighting
factors, W and G. An expert system was developed to use this knowledae
base to estimate the _'s and G's to best approximate the land-water pat-
terns of the sample marshes. By using the probability factors that best
approximated the spatial patterns of the study sites, we then simulated the
pathway of change in interface with disintegration for each site.
Classification of marshes according to water borders was accomplished
by _ring the proportion of water pixels on each border to the propor-
tion of water pixels in the marsh as a whole. Those borders having a
higher proportion of water pixels than the entire site were assumed to be
bordered by water. Classifications were oonfirmed by visual examination of
black and white photographs of binary land-water images of the sites. In a
few cases, classifications were changed based on the visual examination.
To build a knowledge base for use by the expert system, simulations
were run with all possible W and G combinations from the set [0, 4, 20, 60,
180, and 540] for six types of study site border conditions: 0 = no water
border, 1 = 1 water border, 2 = 2 adjacent water borders, 3 = 2 oppo-
site water borders, 4 = 3 water borders, and 5 = 4 water borders. For
border oondition 0, the set was extended to include W = 1620 and 9720.
Each simulation contributed information to 2] tables. Each table contained
interface and side-adjacency (Adj-0, Adj-1, Adj-2, Adj-3, Adj-4) infor-
mation oollected at a 0.05 increment of disintegration level. Twenty-one
tables (one for each increment of level) were compiled for each value of G
and for each border condition (a total of 6 x 5 = 30 sets of 21 tables).
For border condition 0 (no water border), there was only one set of 21
tables, since G must equal zero. For each of the other data sets, there
were 21 tables for each G value.
The following statistics from each study site were used in the deci-
sion process: level of disintegration (D), interface (I) (same as the
number of land-water joins), and number of water pixels having 0, l, 2, 3,
l0
and 4 sides adjacent to water, respectively (these are Adj-O, AJj-I, Adj-2,
Adj-3, and Adj-4). Border condition (BC), having been estimated in the
manner described above, was an additional factor in the decision process.
The level of disintegration was used to determine which tables were
accessed. The tables of the nearest levels on either side of the study-
site level were accessed. For instance, if the level of disintegration of
the sample was 0.32 (32% water), then the tables for levels 0.30 and 0.35
were accessed. Interpolation between levels was then used to produce, for
every G value and border condition, a table of values of spatial-pattern
statistics for each of the six values of W for the specific level of disin-
tegration of the study site.
Then, for each G value and border condition, the study-site interface
and side-adjacency values were eompared with values for these spatial pat-
tern statistics in the tables prepared for the specific disintegration
level. If the study-site value for a spatial pattern statistic was within
the range of values for that statistic on a particular table, exact
matching or interpolation between values was used to estimate W on the
basis of that statistic, given the G value and border condition of that
table. If the value of a given statistic from the study site was not
within the range of values for that statistic in a table, it was not
possible to obtain an estimate of W from that particular statistic and
table.
Usually, several estimates of W were obtained for a given table. A
weighted mean W for the specific G-value and border condition was obtained
from these. In cases where a parabolic relationship between the parameter
and W occurred, more than one estimate of W was sometimes obtained for the
same statistic and table. In such cases, each estimate was used alter-
natively in calculating a weighted mean until all possible weighted means
involving each spatial pattern statistic no more than once were calculated.
For instance, interface might yield W = 2, 4; Adj-0, W = 180, 193; and
Adj-3, W = 300. Then 2 x 2 x i weighted mean W's were calculated. One
would involve 2, 180, and 300; another 2, ]93, 300; another 4, 180, 300;
and another 4, 193, 300. Weighting was a function of the number of water
pixels involved in each parameter estimate of W. The value of the para-
meter was the estimate of the number of Dixels involved in the estimate of
W from that spatial pattern statistic.
parameter.
Weighted mean W's were calculated as follows:
Weighted Mean W = Sum of (Wi Vi) /Sum of (Vi) (3)
where W i = the estimate of W from statistic i
V i = the number of pixels involved (statistic value), statistic i.
Only the water pixels of the spatial pattern spatistics involved in the
specific calculation of W were summed. As mentioned above, if the sta-
tistic value from the sample was not within the range of values for that
statistic in a particular table, an estimate of W based on that statistic
could not be obtained.
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The ooefficient of variation of each weighted meanWalso was calcu-
lated. Coefficient of variation was calculated a_ follows:
Coefficient of Variation of Mean W = (Variance)-]// / Mean W. (4)
In addition, the sum of the water pixels used in calculating the weighted
mean W was retained as a "decision number" for later use in the selection
process.
By the above process, many W-G-BC combinations were estimated for each
study site. Weighted mean W's, coefficients of variation, and decision
numbers and their oorresponding G's and border-condition codes were stored
in solution files specific to each study site. The file was sorted in
descending order of decision number and, within decision number, in
descending order of coefficient of variation of the weighted mean W.
The best solution was selected in the following manner:
Row and column data from the study-site imagery were used to classify
borders. If the percent water pixels in the border row or column was
greater than the percent level of disintegration of the study site, then
that border was classified as water. Otherwise, it was classified as land.
Examination of black and white photographs of binary land-water images of
the study sites displayed on the CRT confirmed the appropriateness of this
simple approach. In a few cases of obvious failure of the approach to
reflect border oonditions, classifications based on visual estimation were
substituted. Visual inspection confirmed the automatic classification in
all but a few study sites. Based on the border classification, each study
site was assigned to a border-condition category.
Once the border condition of the study site was defined, the solution
file specific to the spatial pattern statistics of that study site was
searched for the "best" weiqhted mean W, specific to calculated G, for that
border condition. If a solution having the right border condition was
found in the group of solutions with the highest decision number (sum of
the water pixels used in calculatino the weighted mean W), it was selected
as the best solution. If there was more than one solution having the right
border condition in the group of solutions with the highest decision
number, then the one with the lowest coefficient of variation was selected.
If a solution having the right border condition could not be found within
the group having the highest decision number, then we sought a solution
with the right border condition anong all solutions having decision numbers
within 75% of the highest decision number. The solution having the right
border condition, the largest decision number, and the lowest ooefficient
of variation was selected. If a solution having the right border condition
was not found in either of the above groups, then solutions having alter-
native border conditions were considered. First, solutions with border
conditions having no more than one border different from the right border
condition were considered. Then, solutions with border conditions having
no more than two borders different from the right border condition were
considered. Usually, a solution was found having the right border con-
dition or no more than one border different from that of the border
condition initially defined.
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RESULTS
Using the new model to simulate 48 x 48 pixel marshes, we explored (1)
trajectories of disintegration under different settings of W and G and (2)
variation in spatial pattern statistics with different settings of W and G.
Working with simulated marshes having one water border, we learned that W
and G have a highly nonlinear interactive effect on interface and other
spatial pattern statistics. A plot of interface versus G under alternative
settings of W is shown in Figure 4. Note that W exerts little effect at
high settings of G, and G has little effect at high settings of W. As
indicated in a graph showing, trajectories of change in interface with
disintegration from simulations under several settings of W and G and one
water border (Figure 5), the trajectory of disintegration is symmetrical
around 50% at all settings of W when G is zero or low. When G is high and
W low, however, the trajectory is asymmetrical, with maximum interface
occurring slightly to the right of 50%. The interaction of W and G
apparently can affect the point of maximum interface in model simulations.
This was not observed in simulations with the original model, in which G
had virtually no effect.
Figures 6 through I0 show the interactive effect of W and G on the
other spatial pattern statistics. Correlation tests with the 48 x 48-pixel
simulations indicated that 'I' and Adj-4 were highly correlated, Adj-2 and
Adj-3 were somewhat correlated with each other, and Adj-l and Adj-0 were
independent of each other and the other statistics.
The manner in which interface length (I=J) varies with W, G, and
water-border condition (BC) in 192 x 192-pixel marshes is indicated in
Table i. These values were recorded at the 0.5 level of disintegration of
the simulated marsh. Information on interface and the side-adjacency sta-
tistics were recorded throughout each simulation at each 0.05 interval of
disintegration. These simulations were run to develop the look-up tables
for the knowledge base used by the expert system. Several general aspects
of the pattern of this data are apparent. Note that 'I' declines as the
number of water borders increases. A complication relative to this rela-
tionship is that the two-adjacent-sides condition departs considerably from
the two-opposite-sides condition when G is high, particularly when G is
high relative to W. The nonlinear and highly interactive effect of W and G
is another important aspect of the pattern of these data. At low G values,
'I' decreases with increases in W, whereas, when G values are high relative
to W, 'I' increases with increases in Iq. This effect is most pronounced as
the number of water borders increases. In Appendix Table 2, the W-G-BC
combinations in Table l are listed in descending order of interface.
Table 2 shows the level of disintegration and measured spatial pattern
statistics for 72 sample marshes (Louisiana study sites), according to the-
matic mapper imagery. The marshes are organized on the list according to
whether they are salt marsh sites or brackish marsh sites and whether thev
are on the late Lafourche or early Lafourche lobe. Photographs of the
classified binary (black and white) maps used to obtain the spatial pattern
data are shown for some of the study sites in Figures II through 14.
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The number of land-water joins (same as interface length) of the 72
sample marsh study sites is shown plotted against their levels of disin-
tegration (percentage open water area) in Figure 15. Lobe and salinity-
type are indicated with symbols. Most of the points representing salt
marsh sites lie in the upper half of the disintegration scale (50-i00%),
whereas points for the brackish sites are distributed along the entire
scale of disintegration.
• The plot demonstrates that maximum interface is reached approximately
half way through the disintegration process in real, as well as simulated,
marshes, as predicted by Browder et al (1984). The peak in interface in
the curve suggested by the plotted points of the sample marshes is slightly
offset to the left. Simulations from the improved model with the more
powerful G suggest that, under the condition of one water border, high G
values in conjunction with low W's cause the peak in interface to shift
slightly to the right (Figure 5). Later simulations using W, G, and
border-condition values selected for the sample marshes indicate that some
W-G-BC conditions cause a shift of interface to the left (Figure 16).
Apparently, both G and BC can affect the position of the interface maximum.
On the basis of the original model, we predicted that various marshes are
on different trajectories of change in interface with disintegration,
depending upon the order in which segments of marsh disintegrate and the
resultant pattern of land and water. The spread in the curve of plotted
points from sample marshes in Figure 15 suggests that this is indeed the
case.
The W, G, and border condition selected by the expert system for each
sample marsh are shown in Table 3. Note that the selected G values are
generally higher for the salt marsh sites than for the brackish marsh
sites. This is to be expected since more of the salt marsh sites are
on the Gulf of Mexico or on large bays opening onto the Gulf of Mexico.
The brackish-marsh sites are more inland, although some are on bodies of
water large enough for wind to create considerable turbulence, promoting
shoreline erosion. We do not know precisely how large a body of water
would have to be for wind-induced turbulence to have a significant effect,
but we allowed the expert system to decide when a large water body effect
was influencing the spatial pattern of land and water in a given sample
marsh study site. The decision was based on the specific spatial pattern
statistics of that site. As Table 3 indicates, in most cases, an estimate
of W and G with a border condition matching the condition initially defined
could be found within the estimates having a high number of water pixels in
the estimate. Coefficients of variation ranged from as low as 9% to as
high as 807%. Low C.V.s indicate a high degree of convergence of several
estimates of W (from the different spatial pattern statistics) from the
same G-value and border-condition table; therefore, the lower the C.V., the
higher the probable quality of the estimate. The decision number, or
number of water pixels used in selection, would have to be divided by the
total number of water pixels (192 x 192 x level of disintegration) to use
this parameter to estimate the relative quality of the various estimates
in Table 3.
Another way of evaluating the quality of the estimated W and G was to
reverse our use the look-up tables, determining the spatial pattern sta-
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tistics that could be predicted on their basis, given the selected W, G,
and border condition for each sample marsh. Table 4 shows results of this
analysis, presented in terms of percent agreement on the sides statistics
and percent agreement on interface. The interface agreement is the dif-
ference between the sample marsh statistic and the predicted statistic,
expressed as percentaqe of sample marsh interface. The agreement on the
side-adjacency statistics was determined by summing the absolute value of
the difference between sample marsh statistic and predicted statistic for
each side-adjacency statistic and expressing this sum as the percent of the
total value of the side-adjacency statistics for the sample marsh.
Simulations with the original model indicated that, by affecting the
pattern of land and water, the weighting factors of the model affected the
way that interface c_hanged with land loss and the maximum interface that
was achieved over the complete transition from land to water. We hypothe-
sized that we oould select weighting factors to simulate the interface tra-
jectory of a specific disintegrating marsh by oomDaring its land-water
patterns to that of marshes simulated by the model using a range of
weighting factor values. Our hypotheses was strengthened and our analyses
greatly facilitated by the discovery of an existing theory of sDatial auto-
correlation (Upton and Fingleton ]985). The "black and white join" sta-
tistic of Moran (1948), as described by Upton and Fingleton (1985), is the
same as our statistic, interface length, as measured in units of pixel
sides. By relating interface of spatial patterns to the weighting factors
that simulated those patterns and by showing the dynamics of the change in
interface from solid land to solid water, we have contributed to autocorre-
lation theory.
The fact that _q and G had hiqhly-non-linear interactive effects and
that the number of water borders affected the force of G and the interac-
tion between G and W greatly complicated our effort to relate spatial pat-
terns to weighting factors. On the other hand, having all three factors to
adjust in the model increased our potential for being able to reproduce the
spatial patterns of actual marshes, approaching not only their interface
but also their side-adjacency statistics. Simulations with the original
model, in which W was the only factor having any appreciable effect, could
not possibly have been as successful as those we will obtain from the
improved model.
We presently are in the process of o0mpiling results from simulations
of the disintegration of 70 sample marshes. (Two of the original marshes
were in such advanced stages of disintegration that we could not obtain
meaningful spatial pattern statistics from them; therefore, we eliminated
them from further consideration. ) The K_<?_-BC combinations used to simulate
each sample marsh were selected by the expert system on the basis of look-
up tables prepared from a series of simulations holding each pair of the
factors constant and varying the third in turn. Spatial pattern statistics
of the simulated marshes, when at the same level of disintegration as the
sample marshes, will be compared to the sDatial pattern statistics of the
sample marshes to evaluate how successful we have been in matching the spa-
tial pattern parameters and the trajectories of disintegration of the
sample marshes.
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LIST OF TABLES
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1
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.
Interface length (synonymous with number of land-water Joins) vs.
W, G, and border condition, from simulations of 192 x 192-pixel
marshes.
Percentage of open water area, number of land-water Joins, and number
of water pixels by sides adjacent to other water plxels, tabulated
from TM images of the salt-marsh study sites.
W and G weighting factors selected for each study site (sample marsh)
by the expert system, with border condition selected (also border con-
dition targeted, if different from one selected), coefficient of
variation of the selected W, and number of water pixels involved in
the selection (also called the decision number).
Look-up table-based predictions of success of model with expert-system-
selected W and G in simulating marshes with spatial patterns fitting
those of sample marsh study sites.
Table 1. Interface length (synonymouswith rm_nberof land-water joins) vs.
W, G, and border oondition, from simulations of 192 x 192-pixel
marshes.
Water Borders
W G IIii lllO II00 I010 i000 0000
0 0 36,695
4 0 24,946
20 0 18,243
60 0 14,357]80 0 10,921
540 0 8,113
0 4 34,573 33,427 33,412 31,888
4 4 24,801 24,630 24,505 24,243
20 4 18,516 18,115 18,392 18,264
60 4 14,434 ]4,300 ]4,595 ]4,385
180 4 10,726 10,959 ]0,443 11,053
540 4 7,672 7,957 8,183 8,156
0 20 31,208 26,080 28,635 20,395
4 20 23,401 21,440 22,500 19,311
20 20 17,924 17,271 ]7,444 16,867
60 20 14,273 13,863 14,167 13,766
180 20 10,937 11,055 ]0,7]9 10,999
540 20 7,940 8,039 7,706 8,058
0 60 25,752 15,520 20,946 9,667
4 60 20,540 15,743 18,578 11,001
20 60 16,791 14,475 16,031 12,348
60 60 13,777 13,008 13,366 11,792
180 60 ]0,771 ]0,227 10,343 9,927
540 60 7,789 7,679 7,732 7,895
30,754
24,300
18,296
14,384
1],272
8,254
16,088
16,768
16,612
13,747
10,586
8,428
6,998
8,120
]0,069
10,904
9,561
8,075
0 180 16,113 6,001 9,302 3,836 2,946
4 180 15,994 6,850 10,708 4,251 3,282
20 180 13,866 9,012 11,416 5,402 3,914
60 180 12,481 9,622 11,457 6,687 5,722
180 180 9,919 8,821 9,644 7,551 6,054
540 180 7,789 7,556 7,524 7,404 6,622
0 540 5,961 2,468 3,831 1,939 1,846
4 540 7,093 2,534 4,121 1,979 1,922
20 540 8,826 3,168 5,530 2,205 1,946
60 540 9,322 4,650 7,169 2,737 2,220
180 540 8,513 5,826 7,248 3,693 2,772
540 540 6,877 5,408 6,890 4,572 3,900
llll=no water borders, lll0=one water border, ll00=two adjacent water
borders, 1010=twoopposite water borders, 1000 = three water borders,
O000=fourwater borders.
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Table 3. W and G weighting factors selected for each study site (sample
marsh) by the expert system, with border oondition selected
(also border condition targeted, _f d_fferent from one selected),
coefficient of variation of the selected W, and number of
water pixels involved in the selection.
Quadrant name Quarter w
Number of
water pixels C.V. Selected Targeted
used in of border border
G selection W (%) condition condition
Late Lafourche, salt
Leeville NW 272
NE ]88
SE 237
SW 8
Mink Bayou NW 244
NE 24
SE 248
SW 261
Caminada Pass NW 58
NE 13
SE 1
SW 28
Bay Tambour NW 31
NE 17
SE 107
SW 13
Pelican Pass NW 8
NE 88
SE 16
SW 38
Early Lafourche, salt
Grand Bayou _ 30
Du Large NE 29
SE 14
SW 0
Lake LaGraisse NW 113
NE 10
Central Isles NW 26
Dernieres NE 43
SE 16
SW 33
Cocodrie NW 115
NE 311
SE 69
SW 233
Dog Lake NW 44
NE 213
SE 120
S_ 123
60 30,887 42 1001
0 25,395 43 i000
4 28,599 42 ii00
180 33,905 128 1100
180 19,385 46 ]010
180 17,854 115 1100
0 21,465 58 1000
180 2],090 45 i110
180 43,6]8 9 ]000
540 60,427 78 i000
540 72,444 225 1100
540 42,258 32 ll00
180 35,840 41 1000
540 55,932 84 1100
540 64,710 53 I000
180 61,450 74 1000
180 72,202 56 1000
540 60,281 35 i000
540 63,2]7 76 1100
540 70,941 49 0000
540 39,374 40 1100
540 49,072 36 ii00
180 29,368 95 1100
540 30,281 211 1100
540 66,511 55 1000
180 72,382 71 i000
180 55,058 26 0000
540 65,655 70 1000
540 69,460 26 I000
540 68,235 43 0000
180 23,893 72 i010
540 50,085 55 iii0
540 61,852 15 1100
60 39,528 30 1100
540 46,043 65 1100
180 21,948 32 i010
180 30,927 56 Ii00
540 26,448 61 ii]0
lOlO
1000
lllO
1010
1000
1110
1010
Table 3. (continued).
Quadrant name Quarter W
Number of
water pixels C.V.
used in of
G selection W (%)
Selected
border
condition
Targeted
border
condition
Late Lafourche, brackish
Lake Bully Camp NW 62
NE 244
SE 130
SW 255
Golden Meadow NW 129
Farm NE 160
SE 3O8
_q 3,184
Bay L'ours SE 8
Three Bayou Bay SE 100
SW 33
Golden Meadow SW 116
Early Lafourche, brackish
Lost Lake NW 23
NE 245
SE iii
SW 290
Lake Mechant NW 4
NE 118
SE 86
SW 17
Bay Sauveur N_4 325
NE 93
SE 133
SW 35
Lake Quitman NE 116
SE 20
_q 121
Dulac NE 701
SE 10,947
MonteQut SE 289
SW 404
180 24,560 90
180 34,926 52
60 15,731 88
60 36,472 41
180 22,531 45
540 44,195 14
60 25,407 47
0 28,557 53
180 59,493 58
540 18,877 807
60 23,905 80
540 42,886 43
0 20,192 82
180 23,883 131
180 34,594 53
60 15,815 66
20 36,660 61
180 46,367 132
60 21,404 86
540 31,535 35
540 48,894 81
0 6,390 78
0 7,932 61
180 16,185 45
540 17,780 141
540 34,876 75
180 23,650 Ii0
180 23,181 52
0 7,073 39
0 --
180 34,176 59
0 19,787 70
1000
1110
1100
0000
1100
1100
1100
1111
1000
1100
0000
1100
1100
Ii00
III0
I000
i000
ii00
II00
ii00
II00
Iiii
IIII
1100
1110
1110
1100
1100
1111
1111
1010
1111
1110
Iii0
1000
Table 4. Look-up table based predictions of success of model with expert-
system-selected W and G in simulating marshes with spatial
patterns fitting those of study sites (sanple marshes).
Quadrangle
name
Disinteg. % Agree %Agree
Quadrant level W G sides interface
Late Lafourche, salt
Leeville NW
NE
SE
SW
Mink Bayou NW
NE
SE
SW
Caminada Pass NW
NE
SE
SW
Bay Tambour NW
NE
SE
SW
Pelican Pass NW
NE
SE
SW
Early Lafourche, salt
Grand Bayou NW
du Large NE
SE
5%1
Lake LaGraisse N-v/
NE
Central Isles NW
Dernieres NE
SE
SW
Cocodrie NW
NE
SE
Dog Lake NW
NE
SE
SW
0.4294
0.3493
0.3991
0.4674
0.2659
0.24 54
0.2944
0.2957
0.6209
0.8287
0.9926
0.5802
0.5118
0.7655
0.8872
0.8438
0.9896
0.8260
0.8668
0.9724
0.5383
0.6726
0.4044
0.8372
0.9113
0.9928
0.7577
0.9005
0.9518
0.9353
0.3343
0.6889
0.8579
0.5471
0.6297
0.3073
0.4238
0.3640
272
188
237
8
244
24
248
261
58
13
1
28
31
]7
107
13
8
88
16
38
3O
29
14
0
113
I0
26
43
16
33
115
311
69
233
44
213
120
123
60
0
4
180
180
180
0
180
180
540
54O
540
180
54O
54O
180
180
540
54O
540
54O
54O
180
54O
54O
180
180
54O
54O
54O
180
54O
54O
60
54O
180
180
540
94.69
92.47
94.03
88.63
94.13
88.66
90.47
94.55
98.32
98.92
99.90
97.40
93.35
96.73
99.13
97.28
99.78
98.76
98.20
99.76
95.41
96 •87
90.35
98.84
99.07
99.75
97.74
98•99
99•76
99.49
88.96
97.41
99.32
96.55
95.16
95.30
95.29
93.75
96.37
99.81
99.57
84.16
98.38
90.58
93.86
99.30
97.33
95.92
94.06
96.14
99.35
99.27
89.98
97.21
98.53
95.81
98.55
93.25
92.73
97.34
93.79
67.54
87.64
84.25
94.63
90.84
96.52
95.44
80.65
88.84
98.72
99.38
96.27
99.03
87.52
79.62
Table 4. Continued.
Quadrangle Dis integ.
name Quadrant level W G
% Agree
sides
% Agree
interface
Late Lafourche, brackish
Lake Bully Camp NW
NE
SE
SW
Golden Meadow NW
Farms NE
SE
_9
Bay L'ours SE
SW
Three Bayou Bay SE
_4
Golden Meadow SW
Early Lafourche, brackish
Lost Lake _9
NE
SE
Lake Mechant _Q
NE
SE
SW
Bay Sauveur NW
NE
SE
SW
Lake Quitman NE
SE
SW
Dulac NE
SE
Montegut SE
SW
0.3369
0.4784
0.2221
0.5002
0.3091
0.6069
0.3556
0.3895
0.8153
0.5226
0.3293
0.5871
0.2766
0.3265
0.4732
0.2181
0.6405
0.2991
0.4491
0.6706
0.0872
0.1090
0.2223
0. 2431
0.4820
0. 3241
0.3185
0.0963
0.
0.4748
0.2716
62
244
130
255
129
160
308
3,184
8
1
100
33
116
23
245
iii
4
118
86
17
325
93
133
35
116
20
121
701
289
404
180
180
60
60
180
54O
60
0
180
54O
60
540
0
180
180
60
180
60
54O
54O
0
0
180
54O
54O
180
180
0
180
0
92.50
95.73
79.42
96.44
95 •25
99 •00
93.91
97.46
97.61
97.53
84.92
95.78
87.87
89.61
95.51
88.73
92.66
80.35
95.74
96.41
88.54
90.33
92.79
88.09
93.82
89.58
94.27
95 •94
N.A.
94.85
93 •74
96.10
96.50
71.35
97.36
89.58
95.94
93.42
93.99
93.3]
70.57
75.97
95.65
86.64
83.40
97.22
88.17
85.34
66.44
97.30
96.46
86.70
89.32
87.31
80.33
78.86
82.80
84.09
96.22
N.A.
93.09
88.63
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Figure I. The maximum extent of deltaic lobes of the Mississippi River in-
fluencing the present geomorphology of Louisiana 's coastal wetlands.
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Appendix Table i. Look-up table used to classify water and land identified
by the ELAS shoreline length (SLIN) module into water
pixels and land pixels with zero, one, two, three,
and four sides adjacent to water.
SLIN Class
output code
SLIN Class SLIN Class
output oode output code
0 5
l 0
2 0
3 1
4 0
5 0
6 1
7 1
8 0
9 ]
i0 1
ii 0
12 2
13 1
14 1
15 1
16 1
17 1
18 1
19 2
20 2
21 1
22 l
23 2
24 2 48 3
25 ] 49 3
26 1 50 2
27 2 51 2
28 2 52 2
29 2 53 3
30 2 54 3
31 2 55 3
32 2 56 3
33 2 57 3
34 2 58 3
35 1 59 3
36 2 60 3
37 2 61 3
38 2 62 3
39 2 63 3
40 2 64 3
4] 2 65 4
42 2 66 4
43 2 67 4
44 2 68 4
45 2 69 4
46 3 70 ND
47 3 71 ND
Key to Class Codes: 0 = land pixel with zero sides adjacent to water.
1 = land pixel with one side adjacent to water.
2 = land pixel with two sides adjacent to water.
3 = land pixel with three sides adjacent to water.
4 = land pixel with four sides adjacent to water.
5 = water pixel.
Appendix Table 2. Interface length at 0.5 disintegration level, from simula-
tions of 192 x 192-pixel marshes, listed in order from lar-
gest to smallest, with W, G, and border condition indicated.
W G Border Condition Interface Length
0 0 1111 36,695
0 4 1110 34,573
0 4 1100 33,427
0 4 1010 33,412
0 4 1000 31,888
0 20 1110 31,208
0 4 0000 30,754
0 20 1010 28,635
0 20 1100 26,080
0 60 1110 25,752
0 0 1111 24,946
4 4 1110 24,801
4 4 1100 24 , 630
4 4 1010 24,505
4 4 0000 24,300
4 4 1000 24,243
4 20 1110 23,401
4 20 10 10 22,500
4 20 1100 21,440
0 60 1010 20,946
4 60 1110 20,540
0 20 1000 20,395
4 20 1000 19,311
4 60 1010 18,578
20 4 1110 18,516
20 4 1010 18,392
20 4 0000 18,29 6
20 4 1000 18,264
20 0 1111 18,243
20 4 1100 18,115
20 20 1110 17,924
20 20 1010 17,444
20 20 1100 17,271
Appendix Table 2. (continued 2).
W G Border Condition Interface Length
2O 2O I000
20 60 1110
4 20 0000
20 20 0000
0 180 1110
0 20 0000
20 60 1010
4 180 1110
4 60 1100
0 60 1100
6O 4 1010
20 60 1100
6O 4 1110
6O 4 lOO0
6O 4 0000
60 4 1100
6O 0 1111
60 20 1110
60 20 1010
20 180 1110
60 20 1100
60 20 1000
6O 6O 1110
6O 2O 0000
60 60 1010
60 60 1100
60 180 1110
20 60 1000
6O 60 1000
60 180 1010
20 180 1010
180 4 0000
180 20 1100
180 4 1000
4 6O I000
180 20 1000
180 4 1100
180 20 1110
180 0 1111
60 6O 0000
16,867
16,791
16,768
16,612
16,113
16,088
16,031
15,994
15,743
15,520
14,595
14,475
14,434
14,385
14,384
14,300
14,357
14,273
14,167
13,866
13,863
13,766
13,777
13,747
13,366
13,008
12,481
12,348
11,792
11,457
11,416
11,272
11,055
11,053
11,001
I0,999
10,959
10,937
10,921
10,904
Appendix Table 2. (continued 3).
W G Border Condit ion Interface Length
180
180
180
4
180
180
180
180
2O
180
180
0
180
60
180
6o
0
20
20
180
180
540
540
540
54O
4
540
540
540
540
540
540
540
54O
54O
540
54O
54O
54O
540
180
54O
540
180
6O
4
6O
4
2O
180
20
4
60
6O
6O
6O
180
60
180
180
60
54O
180
180
540
180
54O
2O
4
4
4
60
0
6O
2O
2O
4
20
6O
6O
180
6O
20
60
4
180
180
180
180
540
540
540
1110
1110
1010
1010
0000
1010
1010
1100
0000
1000
1110
1000
1010
1100
0000
1110
1010
1100
1110
1100
1110
0000
0000
1010
1000
0000
1111
0000
1000
1100
1100
1110
1000
1110
1110
1010
1010
1100
1110
1100
1000
1010
1000
1010
1010
1110
I0,771
10,726
10,719
10,708
10,586
I0,_43
10,343
10,227
10,069
9,927
9,919
9,667
9,644
9,622
9,561
9,322
9,302
9,012
8,826
8,821
8,513
8,428
8,254
8,183
8,156
8,120
8,113
8,075
8,058
8,039
7,957
7,940
7,895
7,789
7,789
7,732
7,706
7,679
7,672
7,556
7,551
7,524
7,404
7,248
7,169
7,093
Appendix Table 2. (continued 4).
W G Border Condition Interface Length
0
540
540
4
6O
540
180
0
0
180
60
20
54O
20
60
54O
4
4
20
540
0
0
180
4
20
0
180
6O
4
0
6O
20
4
2O
0
4
0
6O
54O
54O
180
180
180
180
180
540
540
180
540
540
180
540
540
180
540
180
540
180
540
540
180
540
180
54O
540
540
54O
54O
54O
54O
54O
54O
54O
540
0000
1010
1110
1100
IOO0
0000
0000
1100
1110
1100
0000
1010
1100
1000
1100
1000
1000
1010
0000
0000
1000
1010
1000
0000
1100
0000
0000
1000
1100
1100
0000
1000
1000
0000
1000
0000
0000
6,998
6,890
6,877
6,850
6,687
6,622
6,054
6,001
5,961
5,826
5,722
5,530
5,408
5,402
4,650
4,572
4,251
4,121
3,914
3,900
3,836
3,831
3,693
3,282
3,168
2,946
2,772
2,737
2,534
2,468
2,220
2,205
1,979
1,946
1,939
1,922
1,846
